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1
BAGGING PROCESS AND MANDREL FOR
FABRICATION OF ELONGATED
COMPOSITE STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending U.S. patent appli-
cation Ser. No. 12/332,093, filed concurrently herewith on
Dec. 10, 20008, which is incorporated by reference herein in
its entirety.

TECHNICAL FIELD

The disclosure relates to methods for manufacturing elon-
gated laminated composite structures such as hat stringers or
related components, for example and without limitation.
More particularly, the disclosure relates to a bagging process
and mandrel which utilize an open cell foam carrier for fab-
rication of an elongated laminated composite structure hav-
ing constant cross-section such as a vent stringer, for example
and without limitation.

BACKGROUND

Hat stringers may be used to stiffen structures such as,
without limitation, the skin of wings, fuselage, doors or tail
sections. Stringers can be fabricated with various cross-sec-
tional shapes such as, without limitation, a hat cross-section.
Stringers used on an aircraft wing may be required to conform
to the contour of the wing and may have a length ofup to 100
feet or longer.

It may be difficult to manufacture a long, narrow structure,
such as a hat stringer, which may be highly-contoured and/or
have a cross-section which varies along its length. The varia-
tions in cross-sectional size and/or shape may have the poten-
tial of trapping the structure in any hard mold or mandrel used
to maintain the hollow inner shape of the structure during
fabrication.

Accordingly, there is a need for a mandrel that may allow it
to be more easily removed after a part has been laid-up and/or
cured. There is also a need for a method of fabricating com-
posite parts using such a mandrel.

SUMMARY

The disclosure is generally directed to a bagging process
and mandrel which utilize an open cell foam carrier for fab-
rication of an elongated laminated composite structure such
as a vent stringer, for example and without limitation. An
illustrative embodiment of the mandrel comprises an open
cell foam carrier. At least one vacuum bag may enclose the
open cell foam carrier. The mandrel may be used to fabricate
an elongated laminated composite structure having a constant
cross-section such as a vent stringer, for example and without
limitation.

The disclosure is further generally directed to a method of
fabricating a laminated composite structure. An illustrative
embodiment of the method includes providing an open cell
foam mandrel. The mandrel may be enclosed in at least one
vacuum bag. At least one composite ply may be wrapped on
the mandrel. The at least one vacuum bag may enclose the
mandrel. The open cell foam carrier may be removed from the
at least one composite ply.

The disclosure is further generally directed to a method of
fabricating a mandrel suitable for removal from an open end
of a composite structure. An illustrative embodiment of the
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method includes shaping an open cell foam carrier from open
cell foam. The open cell foam carrier may be sealed in at least
one vacuum chamber. The method may be used to fabricate an
elongated laminated composite structure having a constant
cross-section such as a vent stringer, for example and without
limitation.

The disclosure is further generally directed to an internal
shrinkable mandrel for composite stringer fabrication com-
prising an elongated open cell foam carrier. An elongated
inner vacuum bag may enclose the open cell foam carrier. An
elongated outer vacuum bag may enclose the inner vacuum
bag. An elongated breather ply may enclose the outer vacuum
bag. An elongated release ply may enclose the breather ply.

The disclosure is further generally directed to a method of
fabricating a laminated composite stringer with a shrinkable
internal mandrel comprising providing an elongated mandrel
having an open cell foam carrier. An elongated inner vacuum
bag may enclose the open cell foam carrier and an elongated
outer vacuum bag may enclose the inner vacuum bag. An
elongated breather ply may be provided. The outer vacuum
bag may be wrapped with the breather ply. An elongated
release ply may be provided. The breather ply may be
wrapped with the release ply. Laminated composite plies may
be provided and wrapped on the release ply. A female mold
having a mold cavity may be provided. Outer composite plies
may be provided in the mold cavity of the female mold. A
structure having a structure channel may be formed from the
laminated composite plies by placing the mandrel and the
laminated composite plies on the outer composite plies in the
mold cavity of the female mold, placing a composite cap over
the mold cavity, placing a caul plate on the composite cap and
placing a cover bagging film over the caul plate to seal the
mandrel and the laminated composite plies in the mold cavity.
The open cell foam carrier may be shrunk in the structure
channel in the structure by applying vacuum pressure to the
open cell foam carrier. The open cell foam carrier may be
removed from the structure channel in the structure. The
structure may be cured.

The disclosure is further generally directed to a mandrel
comprising an open cell foam tube bag carrier. A first vacuum
chamber may enclose the foam tube bag carrier. A second
vacuum chamber may enclose a composite layup.

BRIEF DESCRIPTION OF THE ILLUSTRATIONS

FIG. 1 is a cross-sectional view of a mandrel having an
open cell foam carrier and laminated composite plies
wrapped around the carrier preparatory to fabrication of a
laminated composite structure.

FIG. 2 is a cross-sectional view of the mandrel and
wrapped laminated composite plies, seated in a mold cavity
of'a female mold with a composite cap and a caul plate sealing
the mold cavity.

FIG. 3 is a cross-sectional view of the mandrel and
wrapped laminated composite plies seated in the mold cavity,
after vacuum-induced shrinkage of the open cell foam carrier
inside the interior structure cavity of the fabricated laminated
composite structure.

FIG. 4 is a cross-sectional view of the laminated composite
structure during curing of the laminated composite, with the
open cell foam carrier (not shown) removed from the interior
structure cavity of the structure.

FIG. 5 is a flow diagram which illustrates an illustrative
embodiment of a method of fabricating a laminated compos-
ite structure.
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FIG. 6 is a flow diagram which illustrates an illustrative
embodiment of a method of fabricating a mandrel suitable for
fabrication of a laminated composite structure.

FIG. 6A is a flow diagram which illustrates an alternative
illustrative embodiment of a method of fabricating a mandrel
suitable for fabrication of a laminated composite structure.

FIG. 6B is a cross-sectional view of a mandrel having a
foam tube bag carrier and first and second vacuum chambers
formed around the foam tube bag carrier.

FIG. 6C is a flow diagram which illustrates an illustrative
embodiment of a method of forming first and second vacuum
chambers around a foam tube bag carrier.

FIG. 7 is a flow diagram of an aircraft production and
service methodology.

FIG. 8 is a block diagram of an aircraft.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the described embodiments
or the application and uses of the described embodiments. As
used herein, the word “exemplary” or “illustrative” means
“serving as an example, instance, or illustration.” Any imple-
mentation described herein as “exemplary” or “illustrative” is
not necessarily to be construed as preferred or advantageous
over other implementations. All of the implementations
described below are exemplary implementations provided to
enable persons skilled in the art to make or use the embodi-
ments of the disclosure and are not intended to limit the scope
of'the disclosure which is defined by the claims. Furthermore,
there is no intention to be bound by any expressed or implied
theory presented in the preceding technical field, background,
brief summary or the following detailed description.

Referring initially to FIG. 1, a mandrel 1 which is suitable
for fabrication of an elongated laminated composite structure
17 (FIG. 4) is shown. The mandrel 1 may be particularly
suitable for fabrication of an elongated laminated composite
structure 17 having a hollow structure channel 18 (FIG. 4)
which may have constant cross-sectional size and shape. The
mandrel 1 may be particularly suitable for fabrication of
elongated laminated composite structures 17, for example
and without limitation.

As shown in FIG. 1, the mandrel 1 may include an open cell
foam carrier, hereinafter foam tube bag carrier 2, which may
be generally elongated. The foam tube bag carrier 2 may be
shaped from open cell foam (not shown) into the form of the
interior structure channel 18 (FIG. 4) of the laminated com-
posite structure 17 which will ultimately be fabricated using
the mandrel 1. The mandrel 1 may have a cross-section which
is substantially constant in both size and shape along the
entire longitudinal dimension of the foam tube bag carrier 2.
The foam tube bag carrier 2 may have multiple carrier sur-
faces 3 which may correspond positionally to the respective
interior surfaces of the laminated composite structure (not
shown) which will be fabricated using the mandrel 1, as will
be hereinafter described. The foam tube bag carrier 2 may
have a cross-section which is smaller than that of the interior
structure channel 18 to facilitate removal ofthe foam tube bag
carrier 2 from the interior structure channel 18 prior to curing
of the laminated composite structure 17.

At least one vacuum bag 6a, which may be elongated, may
enclose the foam tube bag carrier 2. The at least one vacuum
bag 6a may form a first vacuum chamber 25 (FIG. 2). In some
embodiments, the vacuum bag 6a may enclose the foam tube
bag carrier 2 and a second vacuum bag 65 may enclose the
vacuum bag 6a. At least one breather ply 10 (FIG. 1), which
may be elongated, may be wrapped around the vacuum bag 6a
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orvacuum bags 6a, 6b. At least one release ply 12, which may
be elongated, may be wrapped around the breather ply or
breather plies 10. Laminated composite plies 16 may be
wrapped around the release ply or plies 12. In some embodi-
ments, a breather ply may be provided between the multiple
vacuum bags, such as between the vacuum bag 6a and the
vacuum bag 65, for example and without limitation.

Referring next to FIGS. 2-4, sequential fabrication of a
laminated composite structure 17 (FIG. 4) using the mandrel
1 is shown. In some applications, the laminated composite
structure 17 may be a vent stringer which is suitable for
stabilization of an aircraft structure, for example and without
limitation. As shown in FIG. 2, the mandrel 1 with the lami-
nated composite plies 16 wrapped around the exterior thereof
may be placed in a mold cavity 21 of a female mold 20. The
cross-sectional size and shape of the mold cavity 21 may
generally correspond to the cross-sectional size and shape of
the laminated composite structure 17, which is to be fabri-
cated. It may be necessary that the foam tube bag carrier 2 be
molded to the correct inside mold line (IML) of the laminated
composite structure 17 which is to be fabricated and that
correct firmness of the foam tube bag carrier 2 is selected.
Prior to placement of the mandrel 1 into the mold cavity 21, a
number of laminated composite plies 16 having different
orientation may be wrapped around the foam tube bag carrier
2. Outer composite plies 24 may line and conform substan-
tially to the interior surfaces of the mold cavity 21. The outer
plies 24 may extend onto the outer surface of the female mold
20.

A composite cap 26 may be placed over the outer compos-
ite plies 24 and the mandrel 1 and wrapped laminated com-
posite plies 16. Radius filler 28 (noodle) may be placed in the
openings or gaps between the laminated composite plies 16
and the outer composite plies 24. The radius filler 28 may then
be pressed in place. The foam tube bag carrier 2 must be
sufficiently firm to support the pressure, which is applied to
compress and place the radius filler 28. A caul plate 32 and a
cover bagging film or outer vacuum bag 34 may be sealed
over the composite cap 26. The outer vacuum bag 34 and the
vacuum bag 65 along with mold 20 may form a second
vacuum chamber 27. A first breather ply 33 (FIG. 2) may be
placed in the second vacuum chamber 27 under the outer
vacuum bag 34. A second breather ply 10 (FIG. 1) may be
placed in the second vacuum chamber 27 around the vacuum
bag 65. The first breather ply 33 may enclose a release ply 35.

As shown in FIG. 3, vacuum pressure may next be applied
to the innermost vacuum bag 6 (FI1G. 1) and the foam tube bag
carrier 2. The vacuum pressure applied to the innermost
vacuum bag 6a and the foam tube bag carrier 2 may cause
shrinkage of the foam tube bag carrier 2 and disengagement
of'the carrier surfaces 3 of the foam tube bag carrier 2 from the
respective interior surfaces of the laminated composite struc-
ture 17. The foam tube bag carrier 2 may then be removed
from the structure channel 18 of the laminated composite
structure 17. In some applications, shrinkage of the foam tube
bag carrier 2 may be accomplished by application of vacuum
pressure to the vacuum bag 6a along with mold 20, followed
by removal of the foam tube bag carrier 2. The vacuum bag
65, in combination with the outer vacuum bag 34, may form
the second vacuum chamber 27 with the mold 20 during ply
consolidation and/or cure of the hat-stringer layup 16, 24, 26.
Finally, as shown in FIG. 4, the laminated composite structure
17 may be cured after release of vacuum pressure. In subse-
quent steps, the outer vacuum bag 34; the caul plate 32; and
the composite cap 26, respectively, may be removed and the
laminated composite structure 17 removed from the mold
cavity 21 of the female mold 20 for further processing. In
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some applications, the foam tube bag carrier 2 may be reus-
able and less complex, reducing costs. The cured part may
comprise a duct (not shown) or a conduit (not shown) used to
transport fluids, such as, for example and without limitation,
air ducts and fuel lines used in a wide variety of applications,
including vehicles.

In some applications, the laminated composite structure 17
may have a cross-sectional area and/or shape which varies
along the length of the laminated composite structure 17. For
example and without limitation, the sides of the laminated
composite structure 17 may change from 80 degrees to 90
degrees or the ends may be thicker than the middle of the
laminated composite structure 17. In some applications,
bends or joggles may be in the laminated composite structure
17. Under those circumstances, the structure of the laminated
composite structure 17 would otherwise have a tendency to
trap a mandrel (not shown) used in place of the foam tube bag
carrier 2 in the event that the mandrel is rigid and non-
collapsible. Therefore, extraction of the collapsed foam tube
bag carrier 2 from the interior of the laminated composite
structure 17 prior to curing may be unhindered irrespective of
changes in the cross-sectional area or shape of the laminated
composite structure 17 along its length.

Referring next to FIG. 5, a flow diagram 500, which illus-
trates an illustrative embodiment of a method of fabricating a
laminated composite structure is shown. In block 502, an
open cell foam carrier mandrel and at least one vacuum bag
enclosing the open cell foam carrier mandrel may be pro-
vided. At least one vacuum chamber may be formed between
the open cell foam carrier and the at least one vacuum bag 6a.
In some embodiments, an inner vacuum bag and an outer
vacuum bag may enclose the open cell foam carrier. A first
vacuum chamber 25 may be formed between the open cell
foam carrier 2 and the vacuum bag 6a. A second vacuum
chamber 27 may be formed between the vacuum bag 65 and
the outer vacuum bag 34. Breather ply 33 may be placed inthe
second vacuum chamber 27 under the outer vacuum bag 34.
Breather ply 10 may be placed in the second vacuum chamber
27 around the vacuum bag 6b. Breather ply 33 may enclose a
release ply 35. In block 504, laminated composite plies may
be provided. In block 506, the laminated composite plies may
be wrapped on the mandrel. In block 508, a structure having
a structure channel may be formed from the laminated com-
posite plies. In some embodiments, a female mold having a
mold cavity may be provided and the mandrel and the lami-
nated composite plies may be sealed in the mold cavity. A
composite cap may be placed over the mold cavity, a caul
plate may be placed on the composite cap and a cover bagging
film may be placed over the caul plate. In some embodiments,
outer composite plies may be provided in the mold cavity of
the female mold and the mandrel may be placed on the outer
composite plies and then sealed in the mold cavity. In some
embodiments, radius filler may be provided between the
laminated composite plies and the outer composite plies. In
block 510, the open cell foam carrier may be shrunk and/or
squeezed in the structure channel in the structure. In some
embodiments, the open cell foam carrier may be shrunk in the
structure channel by applying vacuum pressure to the open
cell foam carrier. Therefore, the vacuum bag 6a may form a
vacuum-proof surface which coats the open cell foam carrier,
allowing evacuation of air from the open cells of the open cell
foam carrier 2. In block 512, the open cell foam carrier may be
removed from the structure channel in the structure. In block
513, the structure may be consolidated. In block 514, the
structure may be cured.

Referring next to FIG. 6, a flow diagram 600, which illus-
trates an illustrative embodiment of a method of fabricating a
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mandrel suitable for removal from an open end of a composite
structure is shown. In block 602, a foam tube bag carrier is
shaped from open cell foam. In block 604, a first vacuum
chamber is formed by sealingly bagging the foam tube bag
carrier in a first vacuum bag 6a. In block 606, a breather ply
may be placed between the first and second vacuum bags. In
block 607, a second vacuum chamber is formed by sealingly
bagging outer vacuum bag 34 to mold 20 and the (vacuum bag
6A) bagged foam tube bag carrier in a vacuum bag 6b. In
block 608, vacuum bag 65 is wrapped in a breather ply. In
block 610, vacuum bag 65, wrapped in a breather ply, is then
wrapped in a release ply.

Referring next to FIG. 600A, a flow diagram 600A which
illustrates an alternative illustrative embodiment of a method
of fabricating a mandrel suitable for fabrication of a lami-
nated composite structure is shown. In block 6024, an elon-
gated mandrel having an open cell foam carrier, an elongated
inner vacuum bag enclosing the open cell foam carrier and an
elongated outer vacuum bag enclosing the inner vacuum bag
is provided. A first vacuum chamber may be formed around
and including the open cell foam carrier inside the vacuum
bag 6a. A second vacuum chamber may be formed between
the vacuum bag 6a and the vacuum bag 6b. A breather ply
may be placed between the vacuum bag 6a and the vacuum
bag 65. In block 6044, an elongated breather ply is provided.
In block 606a, the vacuum bag 6b is wrapped with the
breather ply. In block 6084, an elongated release ply is pro-
vided. In block 610aq, the breather ply is wrapped with the
release ply. In block 612a, laminated composite plies are
provided. In block 614a, the laminated composite plies are
wrapped on the release ply. In block 6164, a female mold
having a mold cavity is provided. In block 618a, outer com-
posite plies are provided in the mold cavity of the female
mold. In block 620a, a structure having a structure channel is
formed from laminated composite plies by placing the man-
drel and laminated composite plies on outer composite plies
in the mold cavity of the female mold, placing a composite
cap over the mold cavity, placing a caul plate on the composite
cap and placing cover bagging film over the caul plate to seal
the mandrel and the laminated composite plies in the mold
cavity. In block 6224, the open cell foam carrier is shrunk in
the structure channel in the structure by applying vacuum
pressure to the open cell foam carrier. In block 6244, the open
cell foam carrier is removed from the structure channel in the
structure. In block 625a, the structure may be consolidated by
applying vacuum pressure to the second vacuum chamber. In
block 6264, the structure is cured.

Referring next to FIG. 6B, an illustrative embodiment of a
mandrel 40 is shown. The mandrel 40 may include an inner or
first vacuum chamber 42 which is placed in a female mold 41.
The first vacuum chamber 42 may have an outer surface 44.
An open cell foam tube bag carrier 52 may be placed in the
first vacuum chamber 42. The first vacuum chamber 42 may
be provided in an outer or second vacuum chamber 48. The
second vacuum chamber 48 may have an inner surface 49 and
an outer surface 50 and may enclose a composite layup 56. In
some embodiments, a breather ply 46 may be placed between
the outer surface 44 of the first vacuum chamber 42 and the
inner surface 49 of the second vacuum chamber 48. In appli-
cation, vacuum pressure 54 may be applied to the foam tube
bag carrier 52 to shrink the foam tube bag carrier 52 in the first
vacuum chamber 42 and the second vacuum chamber 48 and
facilitate removal of the foam tube bag carrier 52.

Referring next to FIG. 6C, a flow diagram 600C which
illustrates an illustrative embodiment of a method of forming
first and second vacuum chambers around a foam tube bag
carrier is shown. In block 602¢, a foam tube bag carrier is



US 9,296,187 B2

7

provided. In block 604c, a first vacuum chamber is formed
around the foam tube bag carrier. In block 606¢, a second
vacuum chamber is formed with the mold 41, 49 and 50. In
block 608c, a breather ply may be placed between the first
vacuum chamber and the second vacuum chamber. In block
610c, the foam tube bag carrier may be shrunk by applying
vacuum pressure to the first vacuum chamber. In block 612¢,
a structure formed composite plies 16, 24 and 26 may be
consolidated by application of vacuum pressure to the second
vacuum chamber.

Referring next to FIGS. 7 and 8, embodiments of the dis-
closure may be used in the context of an aircraft manufactur-
ing and service method 78 as shown in FIG. 7 and an aircraft
94 as shown in FIG. 8. During pre-production, exemplary
method 78 may include specification and design 80 of the
aircraft 94 and material procurement 82. During production,
component and subassembly manufacturing 84 and system
integration 86 of the aircraft 94 takes place. Thereafter, the
aircraft 94 may go through certification and delivery 88 in
order to be placed in service 90. While in service by a cus-
tomer, the aircraft 94 may be scheduled for routine mainte-
nance and service 92 (which may also include modification,
reconfiguration, refurbishment, and so on).

Each of the processes of method 78 may be performed or
carried out by a system integrator, a third party, and/or an
operator (e.g., a customer). For the purposes of this descrip-
tion, a system integrator may include without limitation any
number of aircraft manufacturers and major-system subcon-
tractors; a third party may include without limitation any
number of vendors, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity,
service organization, and so on.

As shown in FIG. 8, the aircraft 94 produced by exemplary
method 78 may include an airframe 98 with a plurality of
systems 96 and an interior 100. Examples of high-level sys-
tems 96 include one or more of a propulsion system 102, an
electrical system 104, a hydraulic system 106, and an envi-
ronmental system 108. Any number of other systems may be
included. Although an aerospace example is shown, the prin-
ciples of the concept may be applied to other industries, such
as the automotive industry.

The apparatus embodied herein may be employed during
any one or more of the stages of the production and service
method 78. For example, components or subassemblies cor-
responding to production process 84 may be fabricated or
manufactured in a manner similar to components or subas-
semblies produced while the aircraft 94 is in service. Also,
one or more apparatus embodiments may be utilized during
the production stages 84 and 86, for example, by substantially
expediting assembly of or reducing the cost of an aircraft 94.
Similarly, one or more apparatus embodiments may be uti-
lized while the aircraft 94 is in service, for example and
without limitation, to maintenance and service 92.

Although the embodiments of this disclosure have been
described with respect to certain exemplary embodiments, it
is to be understood that the specific embodiments are for
purposes of illustration and not limitation, as other variations
will occur to those of skill in the art.

What is claimed is:

1. A method of fabricating a laminated composite struc-
ture, comprising:

configuring a shrinkable mandrel comprising a single con-

tinuous elongated foam core that is structurally self-
supporting, such that a cross section of the single con-
tinuous elongated foam core corresponds positionally to
an inside mold line of the laminated composite structure
that is fabricated using the shrinkable mandrel;
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enclosing the shrinkable mandrel in at least one vacuum

bag;

enclosing the at least one vacuum bag within a breather ply;

wrapping at least one composite ply circumferentially

around the at least one vacuum bag; such that a shape of
a cross-section of the composite ply, after wrapping, is
variable along a length of the laminated composite struc-
ture;

subsequently, placing the shrinkable mandrel in a mold

cavity;

subsequently, disengaging all surfaces of the shrinkable

mandrel from the composite ply, by evacuating the at
least one vacuum bag; and

subsequently, and prior to curing the at least one composite

ply, removing the shrinkable mandrel from the at least
one composite ply.

2. The method of claim 1 further comprising consolidating
said structure.

3. The method of claim 1 wherein said enclosing said
shrinkable mandrel in at least one vacuum bag comprises
enclosing said shrinkable mandrel in an inner vacuum bag
and enclosing said inner vacuum bag in an outer vacuum bag.

4. The method of claim 1 further comprising providing a
release ply and enclosing said breather ply with said release
ply.

5. The method of claim 1 further comprising providing a
female mold having the mold cavity and sealing the shrink-
able mandrel and the at least one composite ply in the mold
cavity.

6. The method of claim 5 such that sealing the shrinkable
mandrel and the at least one composite ply in the mold cavity
comprises placing a cover bagging film over the at least one
composite ply.

7. A method of fabricating a laminated composite stringer
with a shrinkable internal elongated mandrel, comprising:

configuring the shrinkable internal elongated mandrel

comprising a single continuous self-supporting open
cell foam carrier, such that a cross section of the single
continuous self-supporting open cell foam carrier corre-
sponds positionally to an inside mold line of the lami-
nated composite stringer that is fabricated using the
shrinkable internal elongated mandrel;

enclosing, within an elongated inner vacuum bag, the

single continuous self-supporting open cell foam car-
rier;

enclosing within an elongated outer vacuum bag, the inner

vacuum bag;

wrapping a laminated composite ply around the elongated

outer vacuum bag;

placing an outer composite ply in a mold cavity of a female

mold;
subsequently, placing the shrinkable internal elongated
mandrel and the laminated composite ply on the outer
composite ply in the mold cavity of the female mold;

subsequently, placing a composite cap over: the outer com-
posite ply, and the laminated composite ply in the mold
cavity;

subsequently, placing a caul plate on the composite cap and

placing a cover bagging film over the caul plate, creating
avacuum chamber between the elongated outer vacuum
bag and the cover bagging film;

consolidating the laminated composite ply, the outer com-

posite ply, and the composite cap, to form a structure
comprising a structure channel, by applying vacuum
pressure to the vacuum chamber;

subsequently, shrinking the shrinkable internal elongated

mandrel by applying vacuum pressure to the inner
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vacuum bag, such that shrinking the shrinkable internal
elongated mandrel causes disengagement, of all sur-
faces of the shrinkable internal elongated mandrel, from
the laminated composite ply;

subsequently, removing the shrinkable internal elongated
mandrel from the mold;

releasing the vacuum pressure from the vacuum chamber;
and

subsequently, curing the structure.

8. The method of claim 1 further comprising:

the foam core comprising an open cell foam carrier.

9. The method claim 1 further comprising:

after said removing step, curing said at least one composite
ply.

10. A method of fabricating a laminated composite struc-

ture, comprising:

configuring an open cell mandrel comprising a self-sup-
porting structure;

enclosing the open cell mandrel in a vacuum bag;

10

enclosing the vacuum bag within a breather ply;

subsequently, wrapping at least one composite ply, around

the open cell mandrel;

subsequently, disengaging all surfaces of the open cell

mandrel from the at least one composite ply by shrinking
the open cell mandrel; and

subsequently, removing, prior to curing the at least one

composite ply, the open cell mandrel from the at least
one composite ply following said disengaging.

11. The method of claim 7 further comprising: pressing a
radius filler into a gap between the laminated composite ply
and the outer composite ply, such that the shrinkable internal
elongated mandrel is not deformed.

12. The method of claim 7, further comprising:

wrapping the elongated outer vacuum bag with a breather

ply; and

wrapping the breather ply with a release ply.
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